We revisit the Higgs sector of the left-right supersymmetric model. We study the scalar potential PACS numbers: 12.15.Ji, 12.60.Cn, 12.60.Fr, 12.60.Jv. 
I. INTRODUCTION
Within this decade, the LHC will play a significant role in probing the Standard Model (SM) of electroweak interactions and disentangling the models beyond it. The progress expected in experimental high energy physics will complement theoretical explorations of various scenarios of new physics. The experimental data could confirm any of the many theoretical models of new physics advanced over the last decades.
One of the first observations expected at the LHC is the Higgs boson. This is the one remaining piece of puzzle missing from the SM and on this finding rests our understanding of mass generation. However, most models beyond the SM also predict the existence of one or more Higgs bosons. Some of them might be heavy, but several are expected to be light. While the standard model contains one neutral Higgs boson, many models predict one or more Higgs doublets, thus at least one charged Higgs boson (such as the many variants of the two Higgs doublet models and supersymmetry). Finding a light charged Higgs boson would raise problems as to which fundamental gauge symmetry is responsible for its existence. The hope of a clearer signal rests on more exotic Higgs bosons, such as the ones predicted in left-right models [1] . Left-right symmetric models with seesaw neutrino mass generation [2] predict doubly-charged Higgs bosons [3] , which, if light, would give distinctive and spectacular signals at the colliders.
Including supersymmetry adds several attractive features to the left-right model [4] .
Softly-broken supersymmetry resolves some of the inconsistencies of the standard model: it provides a solution to the gauge hierachy problem, a natural candidate for weakly-interacting dark matter, and allows for gauge coupling unification. In addition, the left-right supersymmetric model (LRSUSY) accounts for neutrino masses [1] , parity violation, offers a solution to the strong and weak CP violation without introduction of the axion [5] , and explains the absence of excessive SUSY CP violation. Left-right symmetry is favored by many extradimensional models, and many gauge unification scenarios, such as SO(10) [6] .
However the model seems to suffer from a serious shortcoming. Minimization of the Higgs potential requires either spontaneous R−parity breaking by the vacuum expectation value (VEV) of the right-chiral scalar neutrino [7] ; or introduction of higher scale nonrenormalizable operators [8, 9] . Since an attractive characteristic of the left-right supersymmetric model is that explicit R−parity breaking is forbidden by the symmetry of the model, spontaneous breaking is not a desirable feature. Ditto for higher order operators at the Planck scale. The shortcoming comes from the fact that, in the simplest version of the model, the global minimum of the theory breaks electric charge, making the theory unacceptable. This can be remedied by allowing a VEV for the right sneutrino. The Higgs boson spectrum was previously analyzed in this variant of the model with R−parity violation where sneutrinos and sleptons mix with the Higgs bosons [10] .
However, a new version of the theory suggested by Babu and Mohapatra [11] , allows for both R−parity conservation and the absence of higher-dimensional operators by inclusion of the Yukawa coupling of the heavy Majorana neutrino in the effective Lagrangian. We study the Higgs sector of such a model and examine the masses of the doubly-charged, singly We show that, contrary to previous expectations, one can have light neutral and charged Higgs bosons that conserve flavor, while the flavor violating bosons are in the 600 GeV-100 TeV scale, as required by meson mixing constraints. We pinpoint the parameters that the masses are most sensitive to, and show that they satisfy the constraints in a limited range of these parameters. We set up the structure of the Higgs potential, masses and mixing, including the constraints, while leaving the study of the characteristic signals at the LHC for a future study.
The paper is organized as follows. In Section II we summarize the particular LRSUSY model we use, with emphasis on the Higgs structure. In the following Section (III) we present analytic formulas for the mass matrices in the neutral, singly-charged and doublycharged sectors. In Section IV we present the results of the constraints from
d,s mixings on the Higgs masses and mixings. We illustrate our results by showing two numerical scenarios for desirable Higgs mass values for the model which satisfy the constraints in Section V as well as presenting plots for masses consistent with the constraints. We summarize our findings and conclude in Section VI.
II. R-PARITY CONSERVING LEFT-RIGHT SUPERSYMMETRIC MODEL
The supersymmetric left-right model incorporates supersymmetry in the left-right model based on the gauge symmetry
(where B and L stand for baryon and lepton numbers) in a gauge symmetry, the only quantum number left ungauged in SM, is an additional attractive feature of the model. The model contains left and right fermion doublets, as well as triplet gauge bosons for SU(2) L and SU(2) R , and a neutral gauge boson for U(1) B−L . R-parity, defined as R P = (−1)
(with s the spin of the particle), is imposed in the Minimal Supersymmetric Standard Model (MSSM) to avoid dangerous baryon and lepton number violating operators, otherwise explicit Yukawa terms that violate R-parity can exist in the Lagrangian. This explicit Rparity breaking is forbidden in LRSUSY models by the symmetries of the model. In early left-right symmetric models SU(2) R doublets were used to break the gauge symmetry. Later SU(2) L,R triplets were introduced to provide the seesaw mechanism for neutrino masses [2] , and both left-and right-handed triplet Higgs bosons are required by parity conservation.
The model was described extensively in several previous works [4] . However R-parity may not be conserved in this setup. The reason is that the minimum of the potential prefers a solution in which the right-chiral scalar neutrino gets a VEV, thus breaking R-parity spontaneously. Two scenarios have been proposed which remedy this situation. One is the model of Babu and Mohapatra [11] where an extra singlet Higgs boson is added to the model and one-loop corrections to the potential show that an R-parity conserving minimum can be found. The second model is that of Aulakh et. al. [12] , where the addition of two more triplets, Ω(1, 3, 1, 0) and Ω c (1, 1, 3, 0), with zero lepton number, achieves left-right symmetry breaking with conserved R-parity at tree-level. In our work, we adopt the former, as it is a minimal model, and present a short description below.
The Higgs sector in this minimal left-right supersymmetric model under the gauge group, together with the Higgs VEVs, is given in Table I. The superpotential of this model is given by
where
Here Y u,d and Y ν,ℓ in Eq. (2.1) are quark and lepton Yukawa coupling matrices, while f is the Majorana neutrino Yukawa coupling. We choose to work with W ′ = 0, which leads to an enhanced R−symmetry and a natural interpretation of the supersymmetric µ term, as explained below.
The model is minimal in the following sense: ∆ c and∆ c fields are needed for breaking SU(2) R ⊗ U(1) B−L symmetry without R-parity violation, the ∆ and∆ fields are for parity invariance, and the two bidoublets Φ 1 and Φ 2 are needed to generate the quark and lepton masses and Cabibbo Kobayashi Maskawa (CKM) mixings. The singlet field S is introduced to so that SU(2) R ⊗ U(1) B−L symmetry breaking occurs in the supersymmetric limit. The charge is defined as
The VEVs of the Higgs fields in this model needed to break the symmetries as described above, are given in Table 1 . If we assume that the VEVs of the bidoublet Higgs are real, the fermion mass matrices become Hermitian. The VEVs of the left-handed triplet fields ∆,∆, which determine the tree-level left-handed neutrino masses must be extremely small and are assumed to be zero.
In the supersymmetric limit, the VEV of the singlet S Higgs boson is zero, but after SUSY breaking, S ∼ m SUSY . Thus the µ term for the bidoublet Φ will arise from the coupling λ ij , with a magnitude of order m SUSY [11] . In the SUSY limit,
The VEV of S field, generated after SUSY breaking, arises from linear terms in SUSY breaking
Minimization of the resulting potential yields S * = 1 2λ
If the coupling λ is small, then S can be above the SUSY breaking scale. This feature can be used to make one pair of Higgs doublet superfields heavier than the SUSY breaking scale. However, the masses of doubly charged fermionic fields, which are equal to λ S must 
remain below a TeV. Consistency of the model (non-vanishing CKM mixing angle) requires the asymmetry µ 12 = µ 21 .
The full potential of the model relevant for symmetry breaking includes F -term, D-term and soft SUSY breaking contributions. They are given by
All terms in the scalar potential are identical for the configurations in which VEVs are given to the neutral right-handed triplet Higgs, or the charged Higgs, except for the D−term, which is lower for the charge breaking configuration. Previous solutions suggested are breaking R−parity, which would have the attractive feature that v R ∼ 1 TeV, but which abandons the LSP as the candidate for dark matter [7] ; or introducing higher dimensional operators to lower the charge conserving vacuum, with v R ∼ 10 11 GeV, but loosing the solution to strong and weak CP violation [12] . The advantage of such a formalism is that the masses are very predictive, as they do not depend on coefficients of ad-hoc higher order terms, or sneutrino VEVs. In the next section, we study explicitly the implications for the Higgs masses in this model.
III. HIGGS BOSON COMPOSITION AND MASSES
The Higgs boson spectrum was previously analyzed in a variant of the model [10] with R−parity violation. The new features of the present analysis are 1) we employ a version of the model that uses the right-chiral neutrino couplings to the triplet Higgs bosons to eliminate the need for L-number violation; and 2) we include constraints from FCNC processes to predict the range of Higgs masses and parameters in LRSUSY. Effectively, we are looking at a very different model and Higgs sector than in [10] .
We proceed the usual way to find the masses and mixing matrices for the Higgs bosons in this model. We minimize the Higgs potential given in the previous section, taking into account corrections induced by the heavy Majorana neutrino Yukawa couplings. This insures that the minimum of the potential is charge conserving. We forgo providing explicit expressions for the equations obtained by taking
instead we give the relevant mass matrices for the Higgs fields. For simplicity, we use the
with ǫ = µ 21 − µ 12 , small but non-zero after symmetry breaking.
A. Doubly Charged Higgs Boson Masses
Mass matrices for the doubly charged Higgs fields are of block diagonal form of one two by two matrix for (δ ++ ,δ −− * ) fields and one two by two matrix for (δ c −− * ,δ c ++ ) fields respectively,
. From these expressions we can find the exact analytic forms for the doubly charged Higgs masses. In the limit v R ≃v R , these are:
Thus, in all cases, the left-handed doubly charged Higgs fields are expected to be lighter than the right-handed ones.
B. Singly Charged Higgs Boson Masses
Mass matrices for the singly charged Higgs fields are of block diagonal form of one two by two matrix for (δ + ,δ − * ) fields, one two by two matrix for (φ
2 ) fields and one four by four matrix for (δ
The elements of the four by four matrix are 
The elements of the five by five matrix are
Mass matrices for the neutral pseudoscalar Higgs fields are similar of block diagonal form of one two by two matrix for (δ 0i ,δ 0i ) fields, one two by two matrix for (φ 
IV. CONSTRAINTS ON THE HIGGS SECTOR A. Flavor Changing Neutral Higgs Bosons
As any model with more than one Higgs doublet, the LRSUSY is plagued by tree-level FCNC-inducing Higgs bosons [13] . We proceed first by isolating the flavor-violating and flavor-conserving field combinations, then proceed to subject them to constraints coming from mixings in the kaon, B and D neutral meson states. We show more explicitly the expressions for the down-quark sector; the up-quark sector can be obtained simply by the same method. The Yukawa Lagrangian in the quark sector is given by
where Y u and Y d are 3 × 3 Hermitian matrices in flavor space. When the bi-doublets acquire the VEV as in Table I , with κ 1 , κ 2 , κ ′ 1 and κ ′ 2 real, the up and the down type quark mass matrices are given by: 
To obtain the physical states we diagonalize the mass matrices by the unitary transforma- 
where V L and V R are the components of the left-handed and right-handed CKM matrices. Then the Yukawa Lagrangian for down type quark fields is given by
where the up and down mass matrices are Hermitian since the VEVs of bi-doublets are taken to be real. For simplicity, we assume V L = V R = V . The fields φ Writing the neutral and imaginary parts separately, the FCNC Lagrangian reads
where φ [14] . 
We express the bare scalar ψ 0r T = δ 0rδ0r δ c0rδc0r φ ). Call A ij the transformation matrix which transforms the bare scalar fields into the physical CP even ones, and B ij matrix which transforms the bare pseudo-scalar fields into the physical CP odd ones:
and substituting these into the Eq. (4.7) , we obtain the explicit Lagrangian responsible for FCNC in the down-sector
We proceed in similar fashion to evaluate the flavor-conserving and flavor-violating Higgs contributions to the up sector. The Yukawa Lagrangian for the up quark sector is
We use the same substitutions as before and express the Lagrangian in terms of the complex fields φ 13) and using physical states instead of φ 0r 1 and χ 0r 1 we obtain the explicit form of the Lagrangian responsible for FCNC in the up-sector
(4.14)
These expressions will be used to calculate the real and imaginary parts of the
We evaluate the real and imaginary parts of the K 0 −K 0 transition. We assume a common mass for scalar and pseudoscalar Higgs fields. 15) and
16)
The quantities Q 1 , Q 2 ,Q 1 , andQ 2 are four quark operators and are given by 17) where α and β are the color indices. The matrix elements are, [17] Table II and  the quark mass values in Table III . Same expressions for the operators Q 1 and Q 2 are valid for the operatorsQ 1 andQ 1 . Substituting µ = 2 GeV in the expressions for ∆M K and CP 
we get The experimental value for the mass difference of K L and K S is given by [21] 
and indirect CP violation in K → ππ [22] and in K → πlν decays is given by [21] |ǫ K | = (2.228 ± 0.011) × 10 We tried varying the lightest relative masses in the scalar and pseudoscalar sector and found that the results do not change.
We proceed the same way as for K 0 −K 0 mixing to evaluate the constraints from the Table II . In subsection A, we evaluated the real and imaginary parts of the D 0 −D 0 transition.
We assume as before a common mass for scalar and pseudo-scalar Higgs fields.
where Q 1 , Q 2 ,Q 1 , andQ 2 are the four quark operators defined as before, the mass difference
Comparing the calculated expression with the experimental value [21] 
we obtain including production and decay rates, and has implications for the masses of the additional gauge bosons, as well as for the right-handed neutrinos.
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